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0 Frame alignment circuit 

@ A frame alignment circuit is disclosed which 
includes multi-stage dividing counters and multi- 
stage line demultiplexing circuits. The shift pulse for 
frame synchronizing is converted to the width of the 
first divided clock signal and applied to the first 
dividing counter. Accordingly, the frame synchro- 
nization is easily established by demultiplexing the 
high rate multiplexed coded signal even if the num- 
ber of demultiplexing line is increased. 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to a 
frame alignment circuit and , more specifically, to a 
frame alignment circuit for a high speed digital 
transmission. 

FIG. 3 show a block diagram of a prior art 
frame alignment circuit as disclosed in the Japa- 
nese laid-open publication No. 2-186850, by Tokkai 
(1990). In FIG. 3 , frame alignment circuit com- 
prises a bit synchronous circuit 1 regenerating a 
clock pulse from multiplex coded signal. The circuit 
also includes a line demultiplexing circuit 2, which 
generates a demultiplex pulse, a low rate demul- 
tiplexing line clock pulse, and a synchronous line 
selecting pulse. These three pulses are generated 
using the clock pulse which is regenerated in the 
bit synchronous circuit 1. The frame alignment 
circuit further includes a decoding circuit 3 for 
decoding the multiplexed coded signal and for- 
warding the decoded signal to respective line using 
the demultiplexed pulse generated in the line de- 
multiplexing circuit 2. The frame alignment circuit 
has a first AND gate 4 which serves the function of 
synchronizing the timing between the synchronous 
line selecting pulse ( which is generated by the line 
demultiplexing circuit 2) and the low rate demul- 
tiplexing line clock pulse. The frame alignment 
circuit further includes a second AND gate 5 which 
logically multiplies the data of the specified chan- 
nel of the demultiplexed coded signal by the syn- 
chronous line selecting pulse, and a synchronous 
pattern generator 6, which generates a synchro- 
nous pattern using an output of the first AND gate 
4. Lastly , the frame alignment circuit includes a 
mismatch circuit 7 for comparing an output of the 
AND gate 5 with an output of the synchronous 
pattern generator 6 to generate a shift pulse if the 
comparison reveals a mismatch. 

FIG. 4 shows a detailed block diagram of the 
line demultiplexing circuit 2 of the prior art frame 
alignment circuit. In FIG. 4, the line demultiplexing 
circuit 2 comprises, D flip-flops 9a-9d. There as 
many flip-flops as there are multiplexed lines. The 
flip-flops 9a-9d are connected in cascade fashion. 
And also included in the circuit is a NOR gate 8 
having its input terminals connected to the re- 
spected output of the D flip-flop 9a-9c, the output 
of the NOR gate 8 is connected to a D terminal of 
the D flip-flop 9a. The circuit 2 also has a demul- 
tiplexing line clock generating circuit 10 which gen- 
erates a line clock by using the output of the D flip- 
flops 9a-9d. A counter circuit 11 is provided to 
output a synchronous line selecting pulse showing 
a position of the frame synchronous pulse by using 
the demultiplexing pulse generated in the demul- 
tiplexing line clock generating circuit 10. 

The operation of the above conventional sys- 
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tern is explained hereinafter. 

In FIG. 3 , the multiplexed coded signal is input 
to the bit synchronous circuit 1. The bit synchro- 
nous circuit 1 generates a clock pulse by bit syn- 

5 chronization. The clock pulse passes as input to 
the line demultiplexing circuit 2, and the line de- 
multiplexing circuit 2 generates the demultiplexing 
pulse and an accompanying shift pulse. By using 
the demultiplexing pulse, the decoding circuit 3 

w converts the multiplexed coded signal to a parallel 
signal and demultiplexes the multiplexed coded 
signal to a number of line signal. 

As shown in FIG. 4, the line demultiplexing 
circuit 2 generates the synchronous line selecting 

75 pulse (one bit width of the demultiplexing clock 
pulse) at the position of the frame synchronous 
pulse by the counter circuit 11. On the other hand, 
the first AND gate 4 (FIG. 3) synchronizes the 
synchronous line selecting pulse with the demul- 

20 tiplexing line clock and outputs a pulse to the 
synchronous pattern generator 6. The synchronous 
pattern generator 6 generates a synchronous pat- 
tern according to the output of the first AND gate 4. 
On the other hand, a second AND gate 5 logically 

25 multiplies the data of the specified channel of the 
demultiplexed coded signal by the synchronous 
line selecting pulse. The outputs of the first AND 
gate 5 and the output of the synchronous pattern 
generator 6 are compared in the mismatch circuit 

30 7. The mismatch circuit 7 generates a shift pulse 
having a width of one bit width which is forwarded 
as input to line demultiplexing circuit 2 if the com- 
parison results indicates a mismatch. When the 
shift pulse is input to the line demultiplexing circuit 

35 2, the line demultiplexing circuit 2 shifts the demul- 
tiplexing pulse by one bit which is output to the 
decoding circuit 3. This shifting is repeated until 
the normal frame synchronous bit is at the proper 
position so that the synchronization is achieved. 

40 In the demultiplexing circuit 2, the one bit shift 

is executed by applying the shift pulse to the reset 
terminal R of the D flip-flop 9c. Namely the one bit 
shift is realized by the shift pulse other than the 
clock pulse regenerated from the serial multiplexed 

45 coded data- 
in the prior art frame alignment circuit, as dis- 
cussed above, when the line numbers n increase, 
the size of the 1:n line demultiplexing circuit 2 
(dividing counter circuit) and the decoder circuit 3 

50 increase. Therefore it becomes burdensome to 
quickly demultiplex the high rate multiplexed coded 
signal due to the increased delay time which in- 
creases along with to the increasing of the size of 
the circuit. 

55 It is a primary object of the present invention to 

provide a frame alignment circuit which demul- 
tiplexes the high speed multiplexed coded signal 
regardless of the number of demultiplexing line. 

2 
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It is another object of the present invention to 
provide a frame alignment circuit in which shift 
operation is realized at a clock rate that is low 
relative to the rate of multiplexed coded signal. 

It is a further object of the present invention to 
provide a frame alignment circuit having multiplex- 
ing circuits, wherein the frame synchronization is 
easily established by demultiplexing the high rate 
multicoding signal even if the demultiplexing line 
numbers are increased. 

SUMMARY OF THE INVENTION 

The frame alignment circuit of the present in- 
vention comprises a first dividing counter for regen- 
erating a first dividing clock by dividing the clock 
signal. The frame alignment circuit also includes a 
second dividing counter for dividing the first di- 
vided clock signal and for generating a second 
divided clock. The circuit further has a first shift 
register & latch circuit for shifting the multiplexed 
coded signal which is received from the transmis- 
sion line, for latching the multiplexed coded signal 
and for generating n-parallel signals using the first 
divided clock. Still further, the circuit includes sec- 
ond shift resisters & latch circuits shifting the n- 
parallel signal output from the first shift register & 
latch circuit and for latching the n-parallel signal by 
the second divided clock and generating (n x m) 
parallel signal. Moreover, the circuit has a pattern 
detecting portion for detecting the frame pattern of 
said multiplexed coded signal and a framing por- 
tion for controlling the phase differences of the 
frame pattern detected by the pattern detecting 
portion and for generating shift pulses equal to the 
number of the phase differences by the second 
divided clock. Lastly, the circuit has a shift pulse 
width conversion circuit for converting the width of 
the second divided clock pulse to the width of the 
first divided clock pulse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an embodiment of 
a frame alignment circuit of the present invention. 

FIG. 2 shows a dividing counter of the circuit of 
FIG. 1. 

FIG. 3 shows a block diagram of a prior art 
frame alignment circuit. 

FIG. 4 shows a detail block diagram of a line 
demultiplexing circuit 2 of the prior art frame align- 
ment circuit of FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram of an embodiment of 
a frame alignment circuit in accordance with the 



present invention. 

In FIG. 1 , a bit synchronous circuit 1 regener- 
ates a clock pulse from a multiplexed coded signal. 
A first dividing counter 1 2 regenerates a first divid- 

5 ing clock from the clock pulse. A shift register & 
latch circuit 13 shifts the multiplexed coded signal 
which is received from the transmission line and 
latches the multiplexed coded signal and generates 
n-parallel output signal by using the first divided 

70 clock signal generated in the first dividing counter 
12. 

A second dividing counter 14 divides the first 
divided clock signal by m to produce a second 
divided clock signal. Shift resisters & latch circuits 

75 15 shift the n-parallel signals by the first divided 
clock signal, latch the n-parallel signals output in 
accordance with the second divided clock signal 
and generate (n x m) parallel signals as outputs. A 
pattern detecting portion 16 detects the frame pat- 

20 tern of the (n x m) parallel signals. A framing 
portion 17 controls the phase differences of the 
frame pattern detected by the pattern detecting 
portion 16 and generates a shift pulse which is 
equal to the number of the phase differences by 

25 using the second divided clock signal. The framing 
portion 17 contains, for example, a frame counter 
and a frame alignment circuit. A shift pulse width 
conversion circuit 18 converts the width of the 
second divided clock pulse to the width of the first 

30 divided pulse. The converted pulse is input to the 
first dividing counter 12. 

FIG. 2 shows a detailed block diagram of the 
second dividing counter 14 and the shift pulse 
width conversion circuit 18 of FIG. 1. In FIG. 2, the 

35 second dividing counter 14 comprises, D flip-flops 
9a-9d which are installed in the same number to 
the multiplexed lines and are connected in cascade 
fashion. NOR gate 8 has input terminals which are 
connected to the respective outputs of the D flip- 

40 flop 9a-9c. The output terminal of the NOR gate 8 
is connected to a D terminal of the D flip-flop 9a. A 
demultiplexing line clock generating circuit 10 gen- 
erates a low rate demultiplexing line clock signal 
using the output of the D flip-flops 9a-9d. The 

45 output of the first D flip-flops 9a are input to a shift 
pulse width conversion circuit 18. The shift pulse 
width conversion circuit 18 generates a converted 
shift pulse by multiplying the shift pulse and the 
output of the first D flip-flops 9a using an AND gate 

so 19. 

The operation of the present invention is ex- 
plained hereinafter. 

In FIG. 1 , the multiplexed coded signal re- 
ceived from the transmission line is passed as 
55 inputs to the bit synchronous circuit 1. The bit 
synchronous circuit 1 regenerates a clock pulse. As 
described above, it is difficult for the dividing circuit 
to operate in high speed when the number of n 
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input becomes large. In the present invention the 
dividing circuit is divided into two stages : the first 
dividing counter 12 and the second dividing coun- 
ter 14. 

A shift register & latch circuit 13 generates n- 
parallel signals by shifting the multiplexed coded 
signal and latching the multiplexed coded signal in 
accordance with the first divided clock received 
from the first dividing counter 12. Then, the n shift 
resisters & latch circuits 15 shift the n-parallel 
signals using the first divided clock signal to latch 
the n-parallel signals using the second divided 
clock and generate (n x m) signals as the outputs. 

The outputs from the shift registers & latch 
circuits 15 are input to the pattern detecting portion 
16. The pattern detecting portion 16 detects the 
frame pattern of the multiplexed coded signal . The 
results detected by the pattern detecting portion 16 
are sent to the framing portion 17. 

The framing portion 17 adjusts the timing of 
the detected frame pattern position by comparing 
with the inside frame counter (not shown). The 
framing portion 17 establishes synchronization by 
shifting the frame pattern forward or backward us- 
ing well known synchronizing techniques. 

If the above (n x m) output signals are not 
expanded to the parallel signals in a predetermined 
order, the framing portion 17 determines the num- 
ber of pulses to be shifted. As the framing portion 
17 is operated by the second divided lock signal, 
the pulse width of the output shift pulse is equal to 
that of the second divided pulse. The width of the 
shift pulse generated by the framing portion 17 is 
converted by multiplying the second divided clock 
signal and the shifted first divided clock signal in 
the shift pulse width conversion circuit 18. 

The converted shift pulse, having the width of 
the first divided clock pulse, shifts the first divided 
clock in the first dividing counter 12 using a well 
known counter shift circuit. Accordingly the phase 
of the second divided pulse is shifted in the second 
dividing counter 14. As a result, the (n x m ) output 
signal is obtained from the shift resisters & latch 
circuits 15. 

In the above construction, the dividing counter 
is constructed in two stages , but may be con- 
structed in more than two stages. In that case, the 
shift pulse width conversion circuit 1 8 is construct- 
ed in more than two stages. 

In the present embodiment, the shift pulse 
width conversion circuit 18 is constructed by using 
AND gate, but it may be constructed by using 
another type of the circuit which converts the pulse 
width by detecting the edge of the shift pulse. 

i 

Claims 

1. A frame alignment circuit provided with a clock 



signal is characterized by: 

a first dividing counter for regenerating a 
first dividing clock signal by dividing the clock 
signal; 

5 a second dividing counter for dividing the 

said first divided clock signal and generating a 
second divided clock signal; 

a first shift register & latch circuit for shift- 
ing the multiplexed coded signal and for gen- 

70 erating n-parallel signals by using said first 

divided clock signal; 

a second shift resisters & latch circuits 
shifting the n-parallel signals output from said 
first shift register & latch circuit and generating 

i5 (n x m) parallel signals; 

a pattern detecting portion for detecting 
the frame pattern of said multiplexed coded 
signal from said output of the second shift 
registers & latch circuits; 

20 a framing portion for controlling the phase 

differences of said frame pattern detected by 
said pattern detecting portion and for generat- 
ing shift pulses equal to the number of phase 
differences by said second divided clock sig- 

25 nal; 

a shift pulse width conversion circuit con- 
verting the width of the second divided clock 
signal to the width of the first divided clock 
signal. 

30 

2. The frame alignment circuit of claim 1 , wherein 
said second dividing counter further is char- 
acterized by a plurality of D flip-flop. 

35 3. The frame alignment circuit of claim 2, wherein 
said shift pulse width conversion circuit gen- 
erates the shift pulse by multiplying the shift 
pulse generated by said framing portion and 
the output pulse of the first D flip-flop. 

40 

4. The frame alignment circuit of claim 2, wherein 
said second dividing counter further is char- 
acterized by an NOR gate connected to the 
output of selected ones of the D flip-flops, said 
45 NOR gate having its output connected to a first 

of the plurality of D flip-flops. 

5- The frame alignment circuit of claim 2, wherein 
said second dividing counter further is char- 
so acterized by a demultiplexing line clock gen- 
erating circuit for receiving the outputs of the D 
flip-flops to generate a low rate demultiplexed 
line clock signal. 

55 6. The frame alignment circuit of claim 1 , wherein 
said shift pulse width conversion circuit is con- 
structed by a circuit which converts the pulse 
width by detecting the edge of the shift pulse. 
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© Frame alignment circuit. 



® A frame alignment circuit is disclosed which 
includes multi-stage dividing counters and mufti- 
stage line demultiplexing circuits. The shift pulse for 
frame synchronizing is converted to the width of the 
first divided clock signal and applied to the first 



dividing counter. Accordingly, the frame synchro- 
nization is easily established by demultiplexing the 
high rate multiplexed coded signal even if the num- 
ber of demultiplexing line is increased. 
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